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MULTI-ENERGY GAMMA-RAY AUTOMATED SCANNING SYSTEM
H. H. Hsu, J. C. Pratt, and E. R. Shunk
Los Alamos Kational Laboratory
Los Alamos, Nev Mexico, 87545, USBA
ABSTRACT

A CAMAC-bascd gomsa-ray scanning systes was used to measurc the
transmission through stackud attenuators for up to 16 different gamma
rays. For cach masurem-nt, we obtained the transmission lor gamma rays
ranging in vnergy trom 77 to 26146 teV. These Lransmissnion measurceent s
were used to produce a set of linear equationa that may be sulved lor
cither thickners or density ot the diserete attennators comprining a
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A LeCroy 3500 multichannel analyzer was used to acquire and store
thie data for subsequent analysis. The LeCroy 3507 has a built-in CAMAC
minicrate, keyboard, and cathode-ray tube display (Fig. 2). It runs a
CP/M" operating system that supports FORTRAN programs. LeCroy supplied
both a FURTRAN-callable CAMAC program and plotting libraries that were
uscd ro develop the data-acquisition software employed in making these
measurements.

The LeCroy 3500 also has special CAMAC data acquisition modules that
can injate direct memory access (DMA) to the 24-bit data memory. One
such module is the LeCroy 3511 analog-to-digital converter that detects
and digitizes the gamma-ray detector pulses. The digitizing time for 13
bDits 1s 5 ps) the DMA time is 1 ps. With this medule programmed to
deliver Its data by adireet memory access, the gamma spectra acguisition
contimpes withoat dnpact on the computation.

We gvquired a transmitted gamsic-ray spectrur tor cach horizental
v iut connecrod, then controlled the stepping motor to porition the
et bay e the nex point. AU the end ot the operator=speciticd
voqutsatien tine tor cach ol thase points, we read the data memory aud
el e tne et photopear area for cach ot up to 1o separate poamma

Tocoratieo of cach transmrCted pamma vav's count orate to the count
Pty with the cbhyect (o rtack ol attenuators) removed, 1< the

e et the rotorralCa?r ot that point.



EXPERIM!NTAL METHOD
Specific probe monoergetic gamma rays were chosen as widely
separated in energy as possible in order to have a suitably large range

238Th-zos'ﬂ source ccames

of inaterial attenuation coefficients. A
very close to these requirements, decays with a lorg half-life, and is
readily available. On occasion, a 60Co source was incorporated for
acquiring better statistirs in the middle of the energy range employed.
One gamma-ray transmission scan of a multiple-component/multiple-
layer attenuating assembly appears in Fig. 3. The arrangement of the
attenuating materials is shown in Fig. 4. The scan shows a scvries of
irregular steps as the scanner transports the attenuator assembly through
the pauma-ray beam. The boundarics between materials appear on the
plot.  The measured transmission occasionally increases markedly at
bonndary joints whore poor joiuts allow a straipht-through path ter
FOUrce pamng ravs.  Ome such ospatial scan was recorded rerocach opamma rav.

[{ we denote
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(k) = I (k) exp -? u(k) p e, (1a)

or
f* \

tn lo L u;Ckp e, (1b)
1
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One such equation, relating the material thicknesses (or densitics) to

obrerved gamma-ray intensities, is obtained for cach gamma ray.

EXAMPLE

Y L] .
Consider the following seven ganmia rays of 7"S'I'h-"m."l!.. ljaaa,

and 60L‘.o: 238, 356, 583, 860, 1332, 1620, and 2614 keV. Tmwagine these
cLmna ravs impinging upon some conpesite structure made up of the
rviterials rhown in Table I.

T we Lake the densities and aftenuation coctfiviencs as known, the
ticrtn e of coch waterial remains vnknown on the pight-haud side of

et (IB), which when expanded jproduces the fellowing st ot seven

itiens in s1x unbuewns:
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where t,, tys Eyy £,y tg, tg are the thicknesses (in centimeters)
of lead, cadmium, iron, aluminum, polyethylene, and mock high explosive,
respectively. One such set of linear equations occurs at each point in a
typical scan, relating the thicknesses of the materials at that point to
the transmission of the gamma rays at that point.

We can find these unknown thicknesses t. .

1

set of six linear equations exactly, or finding ihe t, by a

- b by solving the

least-squar .. method where there are more equations than unknowns. The
results of a test vun appear in Teble I1.

Inferred attenuator thickness values were, in general, lower than
the actual thickuess for cach specific attenuating material.  The
ohserved ditfercnce can be attributed to the tact that the vmploved
theoretical attenuation coelticients for these materials were derived
frein nanrow beam corsiderations, an ideal situaticn not too well realized

in the actunl measvrement s.
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GAabLi 1

PhIan AT oL TATION CUEFFICIENTS AT VARIOUS GAMMA ENEKGIES

Materiai

Mock High

SETIATTAY Leat Cadulum iron Aluminum Polyethylene Explosive
=Ty I=iiLl 5=8.55 S=7.66 p=2.70 p=0.92 p=1.84
L ARy {en™i, tem™ 1) (en~l) (cml) (cm~1)

l3zen Ten Loz U959 0.303 0.121 0.218
a.03 1433 d.631 0.278 0.112 0.200
L 2.y 1.10 U.7565 0.261 U.105 0.188
L. PR Uaiih G.647 0.225 v.0907 U.163

2302 Paai Ja.77a u.h09 U.2106 C.0857 0.154

TiT.E Letid Dahid G.549 0.193 0.0777 0.139
o IV s BY7 ed43 U.3006 0.i78 u.0719 0.128

PO se5mn {i.450 7.433 U.153 0.0618 0.111
cooldl J.hib U.429 0.-u7 U.lag 0.0579 0.104
ieie0 1Y G.3%0 U.366% 0.130 0.0523 0.0938

DR L.ee U327 G.300 0.120 0.0403 0.0726



AUTUAL ALD EXPERIMENTAL ATTENUATOR THICKNESSES

Lead Cadinium Iren Aluminum Polyethylene
-em {cias (cm, (cm) (cm)
nolual i-'} U.]Z 2-5 1-9 5-“'

Meas:oed ie” :"J-j .20 :0-3 2-3 20-3 1-7 tO-J 5-0 10-5

Mock High
Explosive
(cm)

6-6

5.9 0.7



Fig.

Fig.

Fig.

Fig.

4.

FIGURE CAPTIONS

High-purity germanium detector, scurce, and attenuation

materials mounted on scanner carriage.

LeCroy 3500 multichannel analyzer.

Attenuation profile, multi-component/multi-laycr transmission

test object.

Top view of transwiosiion test object shown in Fig. 3.
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COUNTS/SECOND

POSITION NUMBER

i %o 0% 9/
B oo i
671~ . . —
!— N 7
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_ ° o 0%6000" ge000%0e o*®, _
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_. ,‘n"'. (q) 4
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o) 10 20 20 40 50 60 70
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